Abstract
Chronology and age model 141
The PB06 age model has been built using 137 Cs, 210 Pb and AMS 14 C dates on monospecific 142 samples of Cerastoderma glaucum shells (Sabatier and Dezileau, 2010; Sabatier et al., 2012) . 143 14 C ages were corrected according to reservoir age as defined by Sabatier et al. (2010) and then 144 calibrated using the R-code package "clam" (Blaauw, 2010) and the Intcal09 calibration curve 145 (Reimer et al., 2009 ) at 2 standard deviations (Sabatier et al, 2012) . The whole core provides a 146 high resolution record over the last 7000 years, however this particular study focus only on the 147 late Holocene period. 148
The EG08 age model has been developed by stratigraphic correlation with core PB06 (Dezileau 149 et al., 2011) . Core EG08 records the last 300 years and allows reconstruction of a very high 150 resolution vegetation history during the modern period. 151
Pollen analysis 152
Pollen analyses performed on PB06 and EG08 are combined in a composite record: 13 samples 153 in EG08 for the last 200 years cal BP and 75 samples in PB06 from 200 to 4600 cal BP. The 154 resulting average time between each samples is around 50 years for the whole sequence with 155
variations from 10 to 100 years. There are two small gaps in the pollen sequence between 1555 156 and 1316 cal BP and between 622 and 202 cal BP (Fig. 2) because of insufficient pollen 157 concentration in and below the storm sediments (<5000 grains.g -1 ). 158
Pollen extraction followed a standard method modified from Faegri and Iversen (1989) . For 159 each sample, 1 g of sediment was sieved on 250 µm and 5 µm mesh, then processed with HCl 160 and HF for mineral digestion and sodium polytungstate for density separation. One tablet with 161 a known amount of Lycopodium spores was added to estimate pollen concentration (Stockmarr, 162 1971 ). Pollen counts were performed at x400 magnification though pollen grains were 163 identified at x1000 magnification with pollen keys (Punt, 1976; Beug, 2004) and atlases (Reille, 164 1992) . A minimum pollen sum of 300 grains excluding Pteridophyta and non-pollen 165 palynomorphs (NPP) was reached for each sample (Berglund and Ralska-Jaciewiczowa, 1986). 166
Proportions of each taxon were calculated using the total sum of identified pollen grains without 167 considering NPP and spores. The simplified pollen diagram (Fig. 2) was drawn using PSIMPOL 168 (Bennet, 1992) . The category "arboreal pollen" includes all the tree taxa except the cultivated 169 ones (Olea, Castanea and Juglans), the category "other deciduous trees" includes Acer, Ulmus, 170
Betula, Carpinus and Corylus, the category "evergreen shrubs" includes Pistacia, Cistus and 171
Buxus and finally the category "other riparian trees" includes Fraxinus, Salix and Tilia. The 172 ratio deciduous/evergreen Quercus was computed in order to be compared with results of 173 previous studies (Jalut et al., 2009 ) and the ratio Fagus/deciduous Quercus in order to highlight 174 covariation of these two taxa. 175 176
Results 177

Pollen taphonomy 178
Pollen concentration in the composite sequence is generally high, ranging from 1 000 to 179 100 000 grains.g -1 . Major drops in pollen concentration with distorted pollen proportions are 180 recorded in the three sandy overwash layers in EG08 and in the four layers corresponding to 181 single storm events in PB06. Surprisingly the clayey layers just below these storm events also 182 contain low pollen concentrations. It is assumed that during a storm event, the clayey surface 183 sediments at the bottom of the lagoon were disturbed before the deposition of the sandy layer. 184
This resulted in partial to total removal of the polleniferous material, with huge declines in 185 pollen concentration through the sequence. Samples from the recent overwash layers in EG08 186 and PB06, identified as single storm events, represent sediments deposited within a few hours 187 and naturally record no environmental information. Consequently, pollen analyses from these 188 overwash layers and the samples from immediately underlying sediments with pollen 189 concentrations lower than 5000 grains.g -1 have been discarded from the pollen record to avoid 190 taphonomic perturbations. On the contrary, no taphonomical issues are detected in the four 191 older high storm activity periods in the lower part of PB06. 192
Pollen transport vectors 193
Alnus is the only riparian taxa which is well represented in the sequence, reaching almost 10% 194 between 2000 and 1000 cal BP (Fig. 2) . However studies interested in quantifying the relative 195 contribution of different taxa to the pollen rain show that Alnus is a high pollen producer 196 (Broström et al., 2008) . Therefore, it is unlikely that this taxa could represent the rivers 197 contribution to Palavas pollen assemblages. The other riparian taxa display very low pollen 198 proportions in present as in past pollen assemblages in agreement with the small size of the Lez 199 and the Mosson rivers (Fig. 2) and the position of the cores located far away from their mouths . 200 This suggests that fluvial sources represent only a minor contribution to pollen assemblages. 201
Moreover, despite that the lagoons were in permanent connection with the sea before 1000 cal 202 BP, no vegetation change is contemporaneous from the sandy barrier closure. Thus, even if a 203 marine influence existed it probably not influences the pollen spectra with the exception of 204 storm events already discussed. Finally, the main pollen transport vector into the Palavasian 205 lagoon system is assumed to be associated with wind. 206
4.3.Vegetation history in Palavas area 207
The pollen record from the EG08 and PB06 cores illustrates vegetation dynamics over the last 208 5 millennia. Eleven pollen assemblage zones were visually determined, describing the sequence 209 of vegetation changes (Table 1, Fig. 2) . 210
Tree pollen (50 -90 %) dominates the pollen spectra for almost the entire sequence, mainly 211 comprising deciduous Quercus (10 -40 %) associated with Pinus (1 -20 %), evergreen Quercus 212 (3 -20 %) and Fagus in the lower part of the sequence (up to 20 %) (Fig. 2) . Alnus is present 213 in significant proportions (up to 10 %) as well as Abies (up to 3 %) at the base of the sequence. The Capestang core was sampled in a wetland area with small ponds (Jalut, 1995) . Considering 275 the size of these ponds (around 100m wide), the pollen record at this site probably documents 276 a more local scale vegetation history compared to Palavas sequence with its much larger basin 277 (around 2km wide) (Sugita, 1993) occurred at 4600-4300 cal BP, 2800-2400 cal BP and 1300-1100 cal BP (Fig. 2) , and are 294 highlighted through sharp decreases in the Fagus/deciduous Quercus ratio (Fig. 3) . Oscillations 295 might be linked to repetitive Fagus retreats toward higher altitudes coinciding with repeated 296 expansions of deciduous Quercus close to Palavas at lower altitudes (Figs. 2 and 3) . These 297 decreases might also correspond to major drops in Fagus pollen productivity caused by 298 enhanced environmental stresses. In the French mountainous area of the Mediterranean, Fagus 299 is at the limit of its geographical range (Quezel, 1979 ) and it's therefore very sensitive to 300 Bond events around 4200, 2800 and 1400 cal BP, underlining the efficient climatic coupling 316 between the North Atlantic and the Mediterranean during the Late Holocene (Fig. 3) . 317
Variations in clay mineralogy in the core PB06 provide a proxy of past storm frequency in 318
Palavas region complementary to pollen data which may give useful information to investigate 319 mechanisms of these climatic oscillations (Sabatier et al., 2012) . Arid events depicted by 320 vegetation are contemporaneous with sharp variations in storminess. They occur during 321 transition periods, before (event 3) or after (event 1 and 2) high storm activity periods (Fig. 3) . 322
Increases in storm frequency have been interpreted as periods during which westerlies, and thus 323 storm tracks, were shifted to the south, bringing more precipitations in the Mediterranean. 
Influence of human societies on forest composition before Classical Antiquity 376
At the end of the Neolithic, between 4500 and 4000 cal BP, the decrease in the 377 deciduous/evergreen Quercus ratio might be the first evidence of anthropogenic impact on 378
Mediterranean forest composition (Pal-I in Fig 2 and event a in Fig. 3 ). In fact, more than a 379 hundred small villages were present during this period in the Palavas region (Jallot, 2011) . 380
Farming societies were very wealthy and dynamic with a higher influence and control of the 381 environment than during previous periods (Jallot, 2010) . The increase in agricultural activities 382 may thus have favored the evergreen Quercus, a tree taxon which is especially resilient to high 383 frequency disturbances (Barbero et al., 1990). 384
After 3300 cal BP, at Port Ariane (Chabal, 2007) by the relative importance of Fagus in the deciduous forest (Fig. 2) . 415 416
6.4.Transition between Classical Antiquity and Early Middle Ages 417
The collapse of the Roman Empire is generally considered to have been a major crisis of the 418 rural world, leading to widespread land abandonment and reforestation (Kaplan et al., 1994) . 419
However, the Palavas pollen record clearly shows a major deforestation (event d in Fig. 3 (Fig. 1) . For now, this settlement abandonment 448 alone does not demonstrate a rural decline at this time (Schneider et al., 2007) . On the other 449 hand, the reforestation recorded in the Palavas pollen sequence attests to a major crisis during 450 this period and confirms that human activities caused forest loss before the 7th century (Fig. 3) . 451
This reforestation is characterized by an important increase in most of deciduous trees pollen 452 proportions including deciduous Quercus, but excepting Fagus which display very low 453 abundances related with the arid event 1 discuss previously (Fig. 2) . In spite of the Late 454
Holocene aridification and the arid event 1, the increase in deciduous Quercus indicate that 455 climatic conditions in the hinterland were still favorable to deciduous forest development except 456 forest loss (event f in Fig. 3 ) and the evergreen shrubland extension (Fig. 2) only pollen taxa which display a significant increase at this time (Fig. 2) . Though Fagus may 475 be affected at that time by human activities, the decorrelation between Fagus signal and the 476 anthropogenic vegetation changes reinforce the interpretation of Fagus as a good climate 477 indicator until this approximate date. However, after 1100 cal BP Fagus proportions 478 increasingly drop. Human impact on forest taxa should be too strong and Fagus can no longer 479 be used as an aridity proxy. 480 481
6.7.Cultivated plants record 482
The first evidence of Cerealia-type pollen recorded in the Palavas pollen sequence at 4400 cal 483 BP (Fig. 2) is congruent with the Embouchac pollen record, attesting to cereal cultivation in the 484 vicinity of the lagoon shores by Neolithic populations (Puertas, 1999) (Fig 1) . Later, during the 485 Middle Ages (Fig. 2) , the maximum of Cerealia-type pollen correlates with the strong 486 anthropogenic impact associated with the cereal fields planted along the Mosson and Lez rivers 487 flowing into the lagoon (Fig. 1) (Durand, 2003) . Before Classical Antiquity, it is assumed that the few Olea pollen grains found at Palavas (Fig.  495 2) refer to wild olive trees probably present in narrow thermomediterranean coastal areas. The 496 later continuous record of Olea since Classical Antiquity (Fig. 2) is probably related to its 497 introduction and cultivation by the Romans in southern France (Leveau, 2003) . However at 498
Palavas, low proportions of Olea are recorded throughout the first millennium AD. Indeed, 499 various archeological archives attest to limited cultivation of olives in this area during the 500 Roman period (Alonso et al 2008, Leveau 2003 ). Historical studies demonstrate that olive 501 cultivation developed later in Languedoc, during the High Middle Ages (Leveau 2003) in 502 agreement with our pollen data (Fig. 2) . 503
During the medieval period, simultaneous increases in Juglans and Castanea with Olea (Fig.  504 2) suggests an expansion of tree cultivation and corroborates the major influence of human 505 activities on the environment in the Palavas region around 1000 AD. 506 deciduous Quercus proportions remain stable (Pal-VIII in Fig 2 and Fig 3) . The expansion of 520 evergreen Quercus and Pinus forest has no equivalent in the past. Indeed at the end of the 9th 521 century, after one hundred years of reforestation the dominant taxon was still deciduous 522 sharing unpublished data about estimated forest cover using land register. We thank the 573 reviewers for their helpful comments in improving the manuscript. 574 
